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SYSTEM AND METHOD FOR SENSING CARRIER ON MOBILE STATION 
SIDE IN PERSONAL HANDYPHONE SYSTEM . 

pfi^t ^r.pniiMn OF THF ; TNVF.NTIQM 

The present invention relates generally to a 
system and a method for sensing a carrier of a mobile 
station in a personal handyphone system (PHS) . More 
particularly, the invention relates- to a system and a 
.athod for sensing a carrier in a self-supporting system, 
in. which asynchronous Time Division Multiple Access 
(TDMA) system is present in admixing manner. 

P^n^ T-ir^^"" ^^'^ Related Art 
conventionally, in a radio communication 
system according to a TDMA system, upon performing radio 
communication between a plurality of base stations and 
mobile stations using the same frequency, carrier 
sensing is performed in each station in order to check 
whether a radio wave is transmitted from other station- 
before initiation of communication, in order to avoid 
interference between a radio wave of own station and a 
radio wave from other station. As a result of carrier 
sensing, if the radio wave from. other station is not 
detected, communication is initiated. 

in case of a personal handyphone system (PHS), 
a base station performs carrier sensing of communication 
frequency and slot intended to be used. If the radio 
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wave from other station is not detected in the 
cooonunication frequency and slot intended to be used, 
judgment is made that the communication and. slot in 
question are not used to designate those communication 
5 frequency and slot for the mobile station using a 

control frequency and slot. The mobile station performs 
carrier sensing of the communication frequency and 
communication slot designated by the base station. Then, 
if the radio wave from other, station is not detected, 

10 communication is initiated. 

in the first edition of standard specification 
relating to the personal handyphone system RCR STD-28 
(established on December 20, 1993), a function to only 
perform establishment of slot intended for reception and 
15 a fixed reception electric field level is defined as 

carrier sensing level, concerning carrier sensing system 
of the communication slot of the base station and the 

mobile station. 

Fig. 9 is a flow diagram showing the 
20 conventional state transition upon connection of the 

communication channel of the mobile station. Fig. 6 is a 
sequence chart showing a communication channel 
connection sequence between the mobile station and the 
base station. In ON-hook state of the mobile station, a 
25 communication channel (CH) and slot assignment demand 
signal 61 (see Fig. 6) is transmitted to the base 
station (Step 901). Then, the base station performs 
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carrier sensing at the communication frequency and the 
communication slot intended to be used. If no radio wave 
from other station is detected in the communication 
frequency and the slot intended to be used, judgment is 
5 made that those communication frequency and slot are not 
used to perform designation of the communication 
frequency and the communication slot for the mobile 
station, upon reception of the communication channel 
(CH) ands slot assignment signal 62, the mobile station 
10 performs carrier sensing operation for a reception slot 
having the designated communication frequency and slot 
(steps 902 and 903). When an electric field level is 
higher than or equal to a given level, the communication 
channel assignment demand signal is transmitted to the 
15 base station (step 904). If the communication frequency 
and slot are not used (the electric field level is less 
than the given level), for the base station, a 
synchronization signal 63 (see Fig. 6) is transmitted 
using the designated communication frequency and 
20 communication slot (step 906) to wait for the 

synchronization signal. After reception of the 
synchronization signal 64 (see Fig. 6) from the base 
station, state is transit to communication state - 

One example of carrier sensing operation in 
25 the conventional mobile station will be discussed 

briefly. Referring to Fig. 3, since a mobile station (A) 
34 performs carrier sensing operation for only reception 
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slot of a designated communication frequency, on-going 
communication between a base station (B) 31 and a mobile 
station (B) 35 cannot be detected. Thus, communication 
between the mobile station (A) 34 and a base station (A) 
30 is initiated at the same frequency as the 
communication frequency of on-going communication 
between the base station (B) 31 and the mobile station 
(B) 35. Therefore, since the communication frequency in 
on-going communication between the base station (A) 30 

nd the mobile station (A) 34 and the communication 
frequency of communication between the base station (B) 
31 and the mobile station (B) 35 are the same, if the 
mobile station (B) 35 is moved to Approach the mobile 
station (A) 34, radio interference is caused due to 
15 super imposition of the transmission slot in 

communication in the mobile station (B) 35 on a 
reception slot in communication in the mobile station 
(A) 34. 

As set forth above, in the carrier sensing 
system of the conventional personal handyphone system 
(PHS), carrier sensing level of only reception slot 
intended to be used is performed in own base station and 
own mobile station for initiating communication. 
Therefore, immediately after initiation of communication, 
25 there is low possibility to cause radio interference 

from other mobile station. Accordingly, actually, the 
transmission slot of the own mobile station has already 
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been used by other mobile station. In the case where 
judgment is made that no carrier is present upon carrier 
sensing of the reception slot of the own base station, 
when other mobile station moves to approach to the own 
5 mobile station after initiation of communication, or 
when the own mobile station moves to approach other 
station, radio interference is inherently caused. 

On the other hand, since the carrier sensing 
level upon carrier sensing of the mobile station is 
10 constant irrespective of the reception level of the 

control signal from the own base station, even when the 
interference wave higher than or equal to the reception 
electric field level of the control signal from the own 
base station is detected upon carrier sensing, judgment 
15 is made that the slot is not used to initiate 

communication. In this case, radio interference is 
caused immediately after initiation of communication. 

SUMMARY O F THF TNVKNTTON 

20 It is therefore an object of the present 

invention to provide a method and a system for sensing 
carrier for preventing radio interference in 
communication state . 

According to the first aspect of the invention, 

25 a personal handyphone system performing radio connection 
using, a time division multiple access-time division 
duplex system comprises 
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a mobile station including 
means for performing carrier sensing of a 
communication frequency designated by a base station and 

a reception slot, and 
5 means for performing carrier sensing of a 

transmission slot. 

In the preferred construction, the mobile 

station further comprises means for initiating 
communication when non use is judged in both carrier 
10 sensing. 

in another preferred construction, the mobile 
station further comprises means for initiating 
communication when non use is judged in both carrier 
sensing, 

in carrier sensing of the reception slot and 
carrier sensing of the transmission slot, setting of 
. reception electric field level as judgment condition of 
non use is provided individually to perform carrier 
sensing on the basis of each of the reception electric 

20 field levels. 

in another preferred construction, the mobile 

station further comprises means for initiating 
communication when non use is judged in both carrier 
sensing, setting means for modifying and setting the 
25 reception electric field level as non use judgment 
condition in carrier sensing, 

the setting means setting the reception 
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electric field level as non use judgment condition at an- 
appropriate value corresponding to a reception electric 
field level of a control frequency and a control slot 

from the case station. 

in another preferred construction, the mobile 
station further comprises means for initiating 
communication when non use is judged in both carrier 
sensing, setting means for modifying and setting the 
reception electric field level as non use judgment 
condition in carrier sensing, 

in carrier sensing of the reception slot and 
carrier sensing of the transmission slot, setting of 
reception electric field level as judgment condition of 
non use is provided individually to perform. carrier 
15 sensing on the basis of each of the reception electric 

field levels, 

setting means for modifying and setting the 
reception electric field level as non use judgment 
condition in carrier sensing, 

the setting means setting the reception 
electric field level as non use judgment condition at an 
appropriate value corresponding to a reception electric 
field level of a control frequency and a control slot 
from the case station. 
25 According to the second aspect of the 

invention, a carrier sensing method on a mobile station 
side of a personal handyphone system performing radio 
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connection using a time division multiple access-time 
division duplex system comprises 
in the mobile station, 

performing carrier sensing of a communication 
5 frequency designated by a base station and a reception 
slot, and 

performing carrier sensing of a transmission 

slot. 

in the preferred construction, the carrier 
10 sensing method further comprising the step of, in the 

mobile station, 

initiating communication when non use is 

judged in both carrier sensing. 

In another preferred construction, the carrier 
15 sensing method further comprising the step of, in the 

mobile station, 

initiating communication when non use is 

judged in both carrier sensing, 

in carrier sensing of the reception slot and 
20 carrier sensing of the transmission slot, setting of 

reception electric field level as judgment condition of 
non use is provided individually to perform carrier 
sensing on the basis of each of the reception electric 
field levels. 

25 In another preferred construction, the carrier 

sensing method further comprising the step of, in the 
mobile station, initiating communication when non use is 
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judged in both carrier sensing, modifying and setting 
the reception electric field level as non use judgment 
condition in carrier sensing, setting the reception 
electric field level as non use judgment condition at an 
appropriate value corresponding to a reception electric 
field level of a control frequency and a control slot 

from the case station. 

in another preferred construction, the carrier 

sensing method further comprising the step of, in the 
mobile station, initiating communication when non use is 
judged in both carrier sensing, modifying and setting 
the reception electric field level as non use judgment 
condition in carrier sensing, 

in carrier sensing of the reception slot and 
15 carrier sensing of the transmission slot, setting of 

reception electric field level as judgment condition of 
non use is provided individually to perform carrier 
sensing on the basis of each of the reception electric 
field levels, 

20 modifying and setting the reception electric 

field level as non use judgment condition in carrier 
sensing, 

setting the reception electric field level as 
non use judgment condition at an appropriate value 
25 corresponding to a reception electric field level of a 
control frequency and a control slot from the case 
station- 
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According to another aspect of the invention, 
a mobile station of a personal handyphone system 
performing radio connection using a time division 
multiple access-time division duplex system comprises 
5 means for performing carrier sensing of a communication 
frequency designated by a base station and a reception 
slot, and means for performing carrier sensing of a 

transmission slot. 

Further object, feature and effect of the 
10 present invention will become apparent from the detailed 
description given hereinafter. 

T^PT Pf nP.srR TP'^TnM of THF DRftWINGS 
The present invention will be understood more 
15 fully from the detailed description given herebelow and 
from the accompanying drawings of the preferred 
embodiment of the present invention, which, however, 
should not be taken to be limitative to the invention, 
but are for explanation and understanding only. 
20 In the drawings: 

Fig. 1 is an illustration showing a slot 
construction in the case of occurrence of radio 
interference in one embodiment of a personal handyphone 
system according to the present invention; 
25 Fig. 2 is a block diagram showing a 

construction of one embodiment of a mobile station 
according to the present invention; 
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Fig. 3 is an illustration showing a system 
construction of the case where radio interference is 
caused in. the personal handyphone system; 

Fig. 4 is an illustration showing the slot 
5 construction of the personal handyphone system; 

Fig. 5 is an illustration showing a carrier 
sensing point in the personal handyphone system; 

Fig. 6 is an illustration showing a 
communication channel connection sequence of the 
10 personal handyphone system; 

Fig. 7 is an illustration showing a 
communication channel connection sequence of one 
embodiment of the mobile station according to the 

present invention; 

Fig. 8 is an illustration showing a carrier 
sensing result judgment method of one embodiment of the 
mobile station according to the present invention; and 

Fig- 9 is an illustration showing a 
communication channel connection sequence of the 
20 conventional mobile station. 

The present invention will be discussed 
hereinafter in detail in terms of the preferred 
25 embodiment of the present invention with reference to 

the accompanying drawings. In the following description, 
numerous specific details are set forth in order to 
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provide a thorough understanding of the present 
invention. It will be obvious, however, to those skilled 
in the art that the present invention may be practiced 
without these specific details. 
5 Fig. 1 is an illustration showing a slot 

construction in the case of occurrence of radio 
interference in one embodiment of a personal handyphone 
system according to the present invention. 

An embodiment of the present invention will be 
.0 discussed, in the shown embodiment of the present 

invention, a mobile station of a personal handyphone 
system has' means for performing carrier sensing not only 
for a reception slot of the mobile station but also a 
transmission slot simultaneously, upon carrier sensing 
15 in response to designation of a communication frequency 
and a slot by a base station. 

on the other hand, in the shown embodiment of 
the present invention, in carrier sensing in the mobile 
station, there is a construction to have a function to 
20 make the carrier sensing level variable instead of 
fixing. 

Carrier sensing is performed not only for 
reception slot but also for transmission slot upon 
carrier sensing for preventing the own mobile station 
26 from using of the communication carrier which has 

already been used by other mobile station located near 
the own mobile station. 



The preferred embodiment of the present 
invention will be discussed with reference to the 
drawings. Fig. 2 is a block diagram showing a 
construction of a mobile station of one embodiment of a 
5 personal handyphone system according to the present 

invention. Referring to Fig. 2, one embodiment of the 
mobile station according to the present invention 
includes an antenna portion 21, a transmitting portion 
22, a base band processing portion 23, a control portion 
10 24, a user interface portion 25, a receiving portion 26, 
a transmission slow carrier sensing circuit 27 and a 
reception slot carrier sensing circuit 28. Amongst, the 
transmission carrier sensing circuit 27 is an element 
constituting the feature of one embodiment of the 
15 present invention, and known elements may be used for 
other elements. 

Fig. 3 is an illustration for explaining one 
embodiment of the present invention and showing a system 
construction of the personal handyphone system. 
20 Referring to Fig. 3, while the base station (B) 31 and 
the mobile station (B) 35 are in communication, the 
mobile station (A) 34 is about initiation of 
communication with the base station (A) 30. Since the 
mobile station (A) 34 is located within a service area 
2 5 of the base station (B) 31, the radio wave of the base 
station (B) 31 can be received by the mobile station (A) 
34, whereas the mobile station (A) 34 cannot receive the 
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radio wave from the mobile station (B) 35. 

Fig 4 is an illustration showing a slot 
construction in the personal handyphone svstem according 
to TOKA (Time Division Multiple . .ccess-TOD (Time 

• • on Duplex). As shown in Fig. 4, during a perxod of 
» Division Duplex) . 

1^4-0 /'Ti to T4) and four 
5 msec, fpur transmission slots (Tl to t , 

• lots rRl to R4) are arrunged to constantly 
reception slots (Ri to n-* ; 

the fourth slot »£tar used transmission slot .s 
reception slot. Thus, the transmission slot snd the 
0 reception slot use the =.,.e redi.. frequency. 

Furthermore, referrin,, to Fig. 4, e.ch slot rs 
consisted o. . l»n,P bit portion ,1. . P-em.le portion 
« . synchronizetion word portion 43. a base statron 
nulber portion 44, a mo.ile station number portion 4S, 
IS an information channel portion .,6 and a guard b.t 
portion 47. 

Fig. 1 is an illustration showing one example 
of the Slot construction for explaining, one embodiment 
of the present invention. By application of the carrxer 
20 sensing system according to the present invention, xt 
becomes possible to successfully prevent occurrence of 
radio interference. As one example of a relationship 
between the time slots of the base station (A) 30 and 
the base station (B) 31 (see Fig. 3), a relationship 
25 between the time slot during communication of the base 
station (B) 31 and the mobile station (B) 35 and the 
time slot with which the base station (A) 30 and the 
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mobile station (A) 34 are about initiation of 

communication . 

Referring to Fig. 1, while the base station 
(B) is in communication, the transmission slot {T3) 17 
5 overlaps with the transmission slot 15 intended to be 

used for transmission, with which the mobile station (A) 
31 is about initiation of communication. The frequency 
and slot with which the mobile station (A) 34 is about 
initiation of communication, are designated by the base 
.0 station 30. However, in the base station (A) 30, as a 
result of carrier sensing of the reception slot 14 
intended to be used for communication, the frequency and 
slot already used in communication between the base 
station (B) 31 and the mobile station (B) 35, are 
15 designated as the communication frequency and the 

communication slot since the base station (A) 30 cannot 
receive the radio wave of the transmission slot 17 in 
communication of the mobile station (B) 31. 

Fig. 6 is a chart showing a communication 
20 channel connection sequence in one embodiment of the 

present invention. On the other hand. Fig. 7 is a flow 
diagram showing state transition of the communication 
channel connection of the mobile station in one 
embodiment of the present invention. Operation of the 
25 mobile station (A) 34 will be discussed hereinafter with 
reference to Figs. 1, 3, 6 and 7. 

By OFF-hook operation of the mobile station 
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(A) 34, the mobile station (A) 34 transmits a 
conununication channel (CH) assignment demand signal 61 
to with an up-link controlling slot 13 (step 701) and 
becomes a reception waiting state of the communication 
5 channel (CH) and slot assignment signal (step 702). 

in the base station (A) 30. when the 
communication CH and slot assignment demand signal 61 
from the mobile station (A) 31 is received, carrier 
sensing operation of the reception slot of the arbitrary 
10 communication frequency is performed. As a result of 
carrier sensing, if judgment is made that the 
communication frequency is not used, the communication 
CH and slot assignment signal 62 is transmitted to the 
n^obile station (A) 34 with a down-link control slot 10 
15 to designate the communication frequency and the 

communication slot . 

in the example shown in Fig. 1, the third slot 
is taken as the communication slot and the communication 
frequency used for communication between the base 
20 station (B) 31 and the mobile station (B) 35 is taken as 
communication frequency. 

in the mobile station (A) 34, when the 
communication CH and slot assignment signal 62 is 
received from the base station (A) 30, carrier sensing 
25 operation of the designated communication frequency and 
the communication slot is performed (step 703). In the 
example of Fig. 1, the mobile station (A) 34 performs 
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carrier sensing operation of the reception slot 12 of 
the third slot as the designated communication slot and 
the transmission slot 15 of the third slot are performed 
by respective of the reception slow carrier sensing 
circuit 28 and the transmission slow carrier sensing 
circuit 27 . 

Fig. 5 is an illustration for explaining the 
carrier sensing point in the mobile station (A) 34. In 
the mobile station (A) 34, the slot designated by the 
base station (A) 30 performs measurement of the 
reception electric field at three points of the front 
end 51, center 52 and rear end 53 of the slot as carrier 

sensing points. 

in the mobile station (A) 34, the carrier 

, sensing operation of the reception slot 12 and the 

transmission slot 15 is performed by the reception slot 
carrier sensing circuit 28 and the transmission slot 
carrier sensing circuit 27. Upon carrier sensing of the 
transmission slot 15, it becomes possible to receive the 
0 down-link slot transmitted from the base station (B) 31 
during communication. Then, the reception electric field 
level becomes higher than or equal to the given level to 
make judgment that the relevant slot of the relevant 
radio frequency is in use (step 704). Again, the. 
15 communication CH assignment demand signal is transmitted 
with the up-link control slot 13 (step 705). 

Receiving the communication CH assignment 
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.e^nd fro™ .he »oMle station 34. the base 

st.tioh ,M 30 performs the. crrier sensing operation 
a,ai„ .step 703, to assign the co^unication frequency 
aifferent from the precedingly designated co»u„ication 
, frequency to the mobile station (M 34. 

The mobile station (A) 34 receives the 
communication CH and slot assignment signal from the 
base station (A, 30 to perform the carrier sensing 
operation again to check whether the communication 
0 frequency and slot are used or not. Then, the mobile 
station ,A, 34 transmits the synchronization signal 63 
to the base station (A, 30 using the communication 
frequency and the transmission slot for communication 
and becomes a waiting state for waiting synchronisation 

15 signal (steps 706 and 707). 

The mobile station (A) 34 becomes 
communication state after verification of reception of 
the reception signal 64 with the communication receptxon 
slot in the communication frequency. 
20 in the foregoing operation, since the 

communication frequency in communication of the base 
station (A) 30 and the mobile ^station (A) 34 and the 
communication frequency of the base station (B) 31 and 
the mobile station (B) 35 are different, radio 
25 interference will never be caused even when the mobile 
station (B) 35 is moved close to the mobile station (A) 
34 after initiation of communication. 
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Here, carrier sensing operation in the 
conventional mobile station will be discussed with 
reference to Figs. 1. 3 and 9 as comparative example. In 
order to perform carrier sensing operation of only , 
reception slot 12 of the communication frequency • 
designated from the base station (A) 30. the mobile 
station (A) 34 cannot detect communication between the 
base station (B) 31 and the mobile station (B) 35. Thus, 
the mobile station (A) 34 and the base station (A) 30 

^^r.«i-ion at the communication frequency 
initiate communication at tne 

4.i^r. fT-<annencv between the base 
the same as the communication frequency d 

station (B) 31 and the mobile station (B) 35 in 

• v^n Therefore, communication between the base 
communication. Tnereioic. 

station (A) 30 and the mobile station (A) 34 is 
performed at the communication frequency the same as the 
cononunication frequency between the base station (B) 31 
and the mobile station (B) 35 to cause overlapping of 
the reception slot 12 of the mobile station (A) 34 in 
communication with the. transmission slot 18 of the 
, n^obile station (B) 35 in communication when the mobile 
station (B, 35 moves close to the mobile station (A) 34 
to cause radio interference. 

Next, other embodiments of the present 
invention will be discussed. Fig. 8 is a flow diagram 
5 for explaining a judgment method of the carrier sensing 
result in the second embodiment of the present invention 
Referring to Figs. 1, 3. 6. 7 and 8, the operation of 
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14 in the second embodiment of 
the mobile station (A) 34 xn tne 

..e present invention will be discussed hereinafter. 

By OFF-hooK operation of the mobile station 
34 (Step 701). the communication CH assignment 
. Land Signal SI (see Fig. S) is transmitted to the base 
.tation CA> 30 bv the up-linK control Slot 13 (see F.g. 

Then, the mobile station (A) 34 becomes 
waiting state for waiting the co^unication CH and slot 

10 assignment signal (step 702). 

^. /a\ -^n is responsive to tne 
The base station (A) 30 is resf 

. . • r» and slot assignment demand signal 61 
communication CH and siot a y 

the station (A, 34 to perfor,n e.rrier 

sensing of the reception slot .t the arbitrary 
XS co^unication frequency. v,hen the reception slot for 
which carrier sensin, is effected, is Judged as not 
being used, the co^-unication frequency and the 
communication siot are designated for the ,»bile st.tron 
34 by the down-link control slot 10 (see rig. D by 
,0 the cpn»u„ic.tion CH and slot assign,»nt signal 62 ,see 

The nubile station (A, 34 stores the reception 
electric field level of the communication CH and slot 

1 65 I see Fia. 6) received through the 
assignment signal 62 (see tig- i 

25 down-link control slot (see Fig. D from the base 

station (A) 30 (step 801). 

wi »4.»4-inn (Pl\ 34 performs carrier 
The mobile station ia) j** 1:"= 
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.3en,in, ope«tio„ of .he co«nic,.io„ frequency and .he 
.„™„„ic«io„ .10. aesi,na.ea the b.se e«tio„ 
(Step 703) . 

Fig. 5 shows a carrier sensing point of the 
.obile station (A) 34. The mobile station (A) . 34 ta.es 
the slot designated by the base station (A) 30 as a 
carrier sensing objective slot 50. As the carrier 
sensing point, electric field measurement at three 

J CI center 52 and the rear 

points of the front end 51, the center 

) end 53 of the slot, is performed. 

The mobile station (A) 34 is set the reception 
electric field value of a judgment reference of the 
carrier sensing result normally at 26 dBuV according to 
..e first edition of standard specification HCR STD.28 

w^v on iq93^. When the reception 
5 (established on December 20, 1993). 

electric field level of the communication CH and slot- 
assignment signal 62 received from the base station (A) 
30 through the down-linic control slot 10 is in excess of 
26 dBuV. the given level for carrier sensing is set at 

20 26 dBuV (step 803). 

When the reception electric field level of the 

•o^i^ion CH and slot assignment signal 62 received 

conununication CH ana aj-wi. ^ 

from the base station (A) 30 through the down-link 
control slot 10 becomes lower than 26 dBuV. the given 
25 . level for carrier sensing is set at the reception 

electric field level 9^ the communication CH and slot 
assignment signal 62 received from the base .tation (A) 
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30 through th. do„„-lin. con«ol slot 10 „tep B04,. 

By the Joregoin., control, when an interference 
„»ve higher than the reception electric field v.lue of 
the control sign.l received through the do„n-linR 
control slot 10 of the base station (M 30 is present, 
■ even if the electric field level of the interference 
wave is lower than or e..al to 26 dBuV defined by the 
,irst edition of the standard specification KC« S.D-2e 
.established on Decen,ber 20, 1993,, occurrence of radio 
, interference can be successfully prevented by detecting 
hi,h possibility of occurrence of radio interference 
upon entry into communication state at the same 
frequency. 

AS set forth above, by the carrier sensing 
5 ' system of the personal handyphone system according to 

the present invention, when the transmission slot of the 
own mobile station has already been used by other mobile 
station or when other mobile station moves close to the 
own mobile station or the own mobile station moves close 
20 to other mobile station after initiation of 

communication in the own mobile station, radio 
interference can be prevented successfully. 

Furthermore, according to the present 
invention, by making the defined value for carrier 

• v,i<= inii-iation of communication 
25 sensing judgment variable, rnitiation 

at the communication frequency possibly cause radio 
interference can be successfully prevented before 
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initiation of communication. 

Although the present invention has been 
illustrated and described with respect to exemplary 
embodiment, thereof . it should be understood by those 
skilled in the art that the foregoing and various other 
Changes/omissions and additions may be made therein and 
thereto, without departing from the spirit and scope of 
the present invention. Therefore, the present invention 
should not be understood as limited to the specific 
embodiment set out above but to include all possible 
embodiments which can be embodied within a scope 
encompassed and equivalents thereof with respect to the 
. feature set out in the appended claims. 



